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1. S t r u c t u r e  Con t ro l  on t h e  S t rength  and D u c t i l i t y  o f  Fe-Be0 Alloys 

A s  i n d i c a t e d  i n  previous d i s c u s s i o n s ,  i r o n  base a l l o y s  w i l l  

always c a r r y  t h e  brunt  o f  a l l  c o n s t r u c t i o n a l  requirements  whether t h e  

assignment calls  for aircraft  ,nuc lear  power g e n e r a t i o n ,  s t e a m  and gas  

t u r b i n e s ,  i n t e rmed ia t e  temperature p r e s s u r e  v e s s e l s ,  etc. F u r t h e r ,  t oo  

l i t t l e  work has  been done wi th  the oxide d i s p e r s i o n  s t r eng thened  body- 

centered-cubic m e t a l s  t o  see how they  behave r e l a t i v e  t o  t h e  close-packed 

m e t a l s .  F i n a l l y ,  ox ide  d i s p e r s i o n  s t r eng thened  i r o n  a l l o y s  have been 

produced, wi th  extremely good p r o p e r t i e s  up t o  650 t o  7OO0C,  w e l l  i n  

excess of t h e  s t r e n g t h  va lues  shown by convent iona l  s t a i n l e s s  steels, both 

fe r r i t i c  and a u s t e n i t i c .  The r e s u l t s  i n d i c a t e d  m e r i t  cons ide rab le  

a d d i t i o n a l  r e s e a r c h  and development. 

Because s o m e  of t h e  e a r l i e r  work w a s  based on uns t ab le  o r  m e t a -  

stable oxide d i s p e r s o i d s  ( f o r  example, t r ans fo rma t ions  i n  gamma A1,0, ,  

w a t e r  pick-up b y  f i n e  M g O  or Tho,, r a p i d  coarsening  tendencies  by SiO, 

and s p i n e l  formation by a lpha  A 1 , 0 , ) ,  B e 0  appeared t o  be an a t t r a c t i v e  

cho ice  for a d d i t i o n a l ,  r e f i n e d  s t u d i e s .  

The appara tus  f o r  c o n t r o l l e d  o x i d a t i o n  o f  t h e  i ron-bery l l ium a l l o y  

powders has been cons t ruc t ed ,  and t h e  p rocedura l  details  for t roub le -  

free o p e r a t i o n  have now been e s t a b l i s h e d ,  on  t h e  basis of a l a r g e  number 

of t r i a l  experiments.  B r i e f l y ,  t he  process  is  as fo l lows:  t h e  loose  

Fe-Be powder i s  p laced  i n  copper cups t o  a depth of about 1/4-inch. The 

cups are ar ranged  i n  w e l l  spaced tiers i n s i d e  a holder-frame which i s  

p laced  v e r t i c a l l y  i n  a v e r t i c l e  tube fu rnace .  P re - se l ec t ed  r a t io s  of  

a rgon  and hydrogen gas  are passed through w a t e r  a t  a p a r t i c u l a r  temperature  

t o  e s t a b l i s h  a furnace  atmosphere of aruuii + I:, +lI,c at any desirzd f-f, 'Hac!  

ra t io .  T h e  argon i s  used t o  a t t a i n  a q r e a t e r  e f f i c i e n c y  of  water  vapor 

t r a n s p o r t  and more s e n s i t i v e  c o n t r o l  of 2O ra t ios  by s h a r p l y  minimizing 



thermal  s e p a r a t i o n  of t h e  m i x e d  gases .  A s p e c i a l  arrangement of copper 

sc reen ing  i n  t h e  muffle acts a s  a n  e f f i c i e n t  b a f f l e  to  main ta in  a w e l l  

m ixed ,=cons tan t  gas  composition throughout t h e  h o t  zone. Post-examination 

of t h e  exposed a l l o y  powders i n d i c a t e s  no s i g n i f i c a n t  copper contaminat ion 

and a homogeneous exposure of t h e  powder t o  t h e  gaseous atmosphere. 

I n  order t o  determine t h e  best method t o  o b t a i n  a f i n e ,  w e l l  

dispzrscd berq‘llicE exide i n  the i r ~ n  a series of runs has been m a d e  on 

an Fe-Be a l l o y  wi th  a bery l l ium content  of 1.3 pe rcen t  by weight.  This  

would provide  a bery l l ium oxide  conten t  of about 9 pe rcen t  by volume. 

Lack of data regard ing  t h e  d i f f u s i o n  and r e a c t i o n  k i n e t i c s  i n  t h e  Fe-Be-0 

system m a d e  i t  necessary  t o  i n v e s t i g a t e  t h e  s y s t e m  over a w i d e  range of 

exposure cond i t ions .  

Three basic mechanisms of forming an ox ide  d i s p e r s i o n  a r e  i n  

process :  

1) i n t e r n a l  o x i d a t i o n  of t h e  be ry l l i um 

2 )  formation of bery l l ium oxide  o n l y  a t  t h e  s u r f a c e  of t h i n  f l a k e s  

3) t o t a l  o x i d a t i o n  of t h e  s o l i d  s o l u t i o n  a l l o y s  w i t h  subsequent 

s e l e c t i v e  r e d u c t i o n  of kron oxide.  

Both bulk samples and -325 mesh powders have been treated under 

t h e  fo l lowing  cond i t ions :  

a)  I n t e r n a l  ox ida t ion :  cond i t ions  are c o n t r o l l e d  a t  H,/H,O ratios 

which w i l l  not o x i d i z e  i r o n ,  but  w i l l  r e a d i l y  o x i d i z e  be ry l l i um,  working 

a t  t h e  maximum pe rmi t t ed  ox id iz ing  p o t e n t i a l .  This  shou ld  prove t o  be 

much m o r e  s a t i s f a c t o r y  than  using decomposition of ox ides  of copper or 

n i c k e l  o r  i r o n ,  e tc .  

b) F u l l y  o x i d i z i n a  atmosphere: t h a t  i s ,  ra t ios  of H H,U low 

enough t o  f o r m  i r o n  ox ides  a s  w e l l  as BeO. O x i d a t i o n  w a s  performed a t  

650°, 850°, and 1000°C a t  gas flow rates of  1 t o  2 . 5  c f h  ( t o t a l ) .  Complete 

2/-- - - 
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o x i d a t i o n  of t h e  -325 mesh powders was accomplished i n  t i m e s  o f  4 t o  6 

hours  a t  a l l  temperatures .  I n t e r n a l  o x i d a t i o n  of bery l l ium w a s  done 

fo r  t i m e s  of 6 hours and 24 t o  30 hours a t  each o f  t h e  s a m e  temperature .  

Only t h e  samples completely o x i d i z e d  a t  1000°C e x h i b i t e d  s i g n i f i c a n t  

s i g n s  o f  s i n t e r i n g .  I n t e r n a l  ox ida t ion  a t  1000°C for 24 hours r e s u l t e d  i n  

o n l y  s l i g h t  caking. A l l  o t h e r  samples w e r e  p e r f e c t l y  f r i a b l e  and non- 

agglomerated. 

S e l e c t i v e  r educ t ion  of i r o n  oxide from t h e  resultant i r o n  oxide - 

B e 0  mixture w a s  accomplished a t  temperatures of  450° and 660°F i n  H, 

f lowing  a t  1.5 t o  2 cfh.  Complete r e d u c t i o n ,  as determined b y  weight 

loss, w a s  a t t a i n e d  i n  5 t o  7 hours. 

Weight change va lues  and p re l imina ry  meta l lographic  obse rva t ions  

i n d i c a t e  t h a t  s i a n i f i c a n t  amounts of Be0 formed on ly  i n  thoce i n t e r n a l l y  

o x i d i z e d  samples t h a t  w e r e  exposed f o r  2A t o  30 hours a t  Z5O0 and 1000°C. 

The appearance of t h e s e  samples under t h e  o p t i c a l  microscope a t  lOOOX 

i n d i c a t e s  t h a t  i n t e r n a l  ox ida t ion  took p l a c e  t o  a s a t i s f a c t o r y  depth  i n  

t h e  a l l o y s .  There appeared t o  be a d i s c e r n a b l e  but  unreso lvable  p r e c i p i t a t e 1  

s t r u c t u r e ,  observed under t h e  l i g h t  microscope a t  1OOOX. However, 

a d d i t i o n a l  and more detailed examination, p a r t i c u l a r l y  by e l e c t r o n  m i c r o -  

scopy,  is  c u r r e n t l y  under way t o  determine p a r t i c l e  s i z e ,  shape ,  etc. 

The c o n s t i t u t i o n  of t h e  p r e c i p i t a t e d  phase and t h e  s u r f a c e  composition of 

t h e  samples have not  been ident i f ied  as y e t .  

The mic ros t ruc tu res  of t h e  bu lk  samples ( 2  t o  5 mm l i n e a r  dimensions’ 

which w e r e  treated a long  wi th  t h e  powders showed p r o g r e s s i v e  inward pene- 

t r a t i o n  of a p r e c i p i t a t e  zone w i t h  i n c r e a s e d  t i m e  and temperature  o f  

t r ea tmen t .  Although g r a i n  boundary p r e c i p i t a t i o n  w a s  heavier  and somewhat 

m o r e  advanced, t h e  g r a i n  i n t e r io r s  d i d  n o t  appear d e f i c i e n t .  Again, 

however, a more d e t a i l e d  a n a l y s i s  i s  under way.  As soon as m o r e  d e f i n i t i v e  
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examinat ion i s  f i n i s h e d ,  i t  i s  intended t o  conf i rm,  ex tend ,  and  opt imize  

t h e  p rocess  f o r  ob ta in ing  t h e  oxide d i s p e r s i o n  i n  an a l l o y  composition of 

0.5 p e r c e n t  bery l l ium by weight which corresponds t o  about 3 . 5  pe rcen t  Be0  

by volume. 

The m a t e r i a l  heinq used f o r  t h e  procecs ing  o p t i m i z a t i o n  i s  f r o m  

cast  p i g  which was b a l l - m i l l e d  to  powder form: however, f o r  t h e  i n v e s t i g a t i o n  

of t h e  d i s p e r s i o n  hardened p r o p e r t i e s  and c h a r a c t e r i s t i c s  of t h i s  a l l o y  

system, a high p u r i t y ,  homogeneous series of compositions has  been produced 

by a tomiza t ion  f r o m  t h e  m e l t  under an  i n e r t  atmosphere. So f a r ,  -325 

m e s h  powders wi th  0.11 p e r c e n t ,  0.43 p e r c e n t ,  and 0.70 pe rcen t  bery l l ium 

by weight have been m a d e .  The 0.43 pe rcen t  composition con ta ins  4.67 

percent  n i c k e l  and should provide  informat ion  w i t h  r e s p e c t  t o  a’ s o l i d  

s o l u t i o n  a l l o y i n g  b e n e f i t s  as w e l l  as oxide  d i s p e r s i o n  s t r eng then ing .  One 

a d d i t i o n a l  composition; w i t h  between 1.1 pe rcen t  and 1.4 pe rcen t  be ry l l i um 

w i l l  a lso be i n v e s t i g a t e d  f o r  B e 0  c o n t r i b u t i o n s  from s u r f a c e  o x i d a t i o n  

v i a  f i n e  f l a k e  Fe-Be powders. The former bery l l ium compositions correspond 

t o  about  0.8 p e r c e n t ,  3.1 p e r c e n t ,  and 5 pe rcen t  b y  volume of BeO. The 

h i q h e s t  composition Fe-Be a l l o y  w i l l  also be cons idered  f o r  p o s s i b l e  

i n v e s t i g a t i o n  o f  a d i s p e r s i o n  c t r e n i t h e n e d  a l l o y  wi th  a Fe-Be s o l i d  

s o l u t i o n  matrix which does not  undergo t h e  free t r ans fo rma t ion  by 

t h e  i r o n  m a t r i x  ( a l p h a  s t a b i l i z e d ) .  

2. Mechanisms of Deformation and F r a c t u r e  i n  O x i d e  D i spe r s ion  S t rengthened  

1 

A l l o y s  

Add i t iona l  understanding of t h e  deformation and f r a c t u r e  mechanisms 

i n  oxide d i s p e r s i o n  s t r eng thened  a l l o y s  is a necessary  ad junc t  i n  suppor t  

of proposed mechanisms of s t r eng then ing  f o r  such materials; t h i s  i s  a 

p a r t i c u l a r l y  t i m e l y  s t u d y ,  and l i t t l e  is  being done anywhere i n  t h e  country 

on t h e  s u b j e c t .  A s  of y e t ,  t h e r e  has been no ev idence  of  convent iona l  

or f i n e  s l i p  i n  t h e s e  a l loys  (though f i n e  s l i p  must e x i s t ) ;  g r a i n  boundary 

s l i d i n g  and migra t ion  have not  been observed  or recorded; folds and k inking  
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have not  been r epor t ed .  Obviously then ,  i t  i s  too e a r l y  t o  s p e c u l a t e  on 

t h e  deformation mechanisms; i t  i s  equa l ly  t o o  e a r l y  t o  d i s c u s s  t h e  f r a c t u r e  

modes. I n  p a r t i c u l a r ,  i t  i s  important t o  a s c e r t a i n  whether f r a c t u r e  i s  

t r a n s g r a n u l a r  o r  i n t e r a r a n u l a r  , and whether t h e  s u b s t r u c t u r e  p l a y s  an  

impor tan t  role,  r e g a r d l e s s  which f r a c t u r e  mechanism p r e v a i l s .  

A f t e r  cons ide rab le  re-examination of a v a i l a b l e  p r i o r  s t r u c t u r e s  

prepared by many t e ~ f i n i q ~ e s ,  cnl-lpled w i t h  fairly e x t e n s i v e  a d d i t i o n a l  

exper iments ,  t h e  d e c i s i o n  w a s  m a d e  t o  u t i l i z e  i n t e r n a l l y  o x i d i z e d  copper- 

aluminum a l l o y s  t o  achieve  t h e  desired s t r u c t u r e s .  The k i n e t i c s  of i n t e r n a l  

o x i d a t i o n  i n  t h i s  system are f a i r l y  s t r a i g h t f o r w a r d  and w e l l  understood; 

and s u f f i c i e n t  p r i o r  w o r k  has been done t o  permit t h e  gene ra t ion  of a l l o y s  

c o n t a i n i n g  va r ious  oxides c o n t e n t s ,  va r ious  i n t e r p a r t i c l e  spac ings ,  and  

vary ing  p a r t i c l e  s i z e s .  One of t h e  m o s t  i n t e r e s t i n g  f e a t u r e s  about t h i s  

system i s  that f a i r l y  heavy s e c t i o n s  (up t o  0.125 inch )  of s h e e t  and s t r i p  

can  be i n t e r n a l l y  o x i d i z e d  wi th  l i t t l e  o r  no loss i n  t h e  i n t e g r i t y  of t h e  

s t r u c t u r e .  Large depths  of p e n e t r a t i o n  are p o s s i b l e  because o f  t h e  

r e l a t i v e l y  h igh  s o l u b i l i t y  f o r  oxygen, and t h e  hiqh rates of d i f f u s i o n  of 

oxygen. 

A number of vacuum melted copper-aluminum a l l o y s  w e r e  p repared .  

Some of t h e s e  a l l o y s  have been converted i n t o  f i n e l y  machined ch ips  and 

then  bal l -mil led i n t o  near micron  h w d e r s ,  p r i m a r i l y  i n  f l a k e  shapes.  

These w i l l  be used t o  produce a l l o y s  wi th  l a r g e  con ten t s  of  aluminum oxide.  

A second group of t h e s e  same a l l o y s ,  i n  i ngo t  form, has been 

homogenized a t  about 95OoC f o r  long pe r iods  of t i m e ,  and then  cold rolled 

i n t o  1/a1' t h i c k  s h e e t ;  t h e s e  materials w i l l  be d i r e c t l y  i n t e r n a l l y  oxid ized .  

S t u d i e s  have been directed dur ing  t h e  p a s t  s e v e r a l  months p r i m a r i l y  t o  

permi t  c o n t r o l  of t h e  s t r u c t u r e ,  avoiding heavy g r a i n  boundary p r e c i p i t a t i o n  

or a change i n  oxide p a r t i c l e  s i z e  with depth  of p e n e t r a t i o n .  I n  p repa r ing  

samples for t h i s  s t u d y ,  t h e  m a j o r  danger lies i n  in t roduc ing  an excess 
+ 
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of oxygen i n t o  t h e  r o l l e d  s t r i p .  Such excess  oxygen would u l t i m a t e l y  

reside near  g r a i n  boundaries  and towazd t h e  center l i n e  of  t h e  s t r i p ,  

l e a d i n g  t o  embri t t lement  by u l t i m a t e  p r e c i p i t a t i o n  of  copper oxide on 

cool ing .  I n t e r n a l  ox ida t ion  i n  a l l  cases i s  being accomplished by 

u t i l i z i n g  t h e  oxygen p r e s s u r e  f r o m  t he  decomposition of copper oxide i n  

a copper - copper oxide mixture .  A s m a l l  f l o w  of argon i s  u t i l i z e d  t o  

a t t a i n  better t r a n s p o r t  and d i s t r i b u t i o n  of t h e  oxygen i n  t h e  closed 

system. T h e s e  samples have been examined thoroughly t o  e s t a b l i s h  t h e  

depth  of  p e n e t r a t i o n  as a f u n c t i o n  of  t i m e ,  t empera ture ,  and composi t ion,  

w i t h  t h e  a i m  of  producing j u s t  t h e  r i g h t  depth  o f  p e n e t r a t i o n ,  It  is  

impor tan t  t o  s t o p  t h e  i n t r o d u c t i o n  of oxygen a t  a p o i n t  e a r l y  enough i n  

t h e  process  t o  permit t h e  consumption of  t h e  then  d i s s o l v e d  oxygen i n  

t h e  a l l o y  t o  f o r m  A1,0, wi th  no excess  o f  d i s s o l v e d  oxygen. 

Shee t  of 1/8" th i ckness  was selected f o r  t h i s  work, even though i t  

would have been p r e f e r r e d  t o  u s e  cons iderably  t h i n n e r  material t o  i d e a l i z e  

t h e  i n t e r n a l  o x i d a t i o n ,  i n  o rde r  t o  p rov ide  a s u f f i c i e n t l y  t h i c k  s t a r t i n g  

m a t e r i a l  so t h a t  i n c r e a s i n a  amounts o f  c o l d  work would be in t roduced  a f t e r  

i n t e r n a l  ox ida t ion .  B o t h  u n i d i r e c t i o n a l  and c r o s s  r o l l i n g  techniques  

w i l l  be u t i l i z e d  after i n t e r n a l  ox ida t ion  i n  an e f f o r t  t o  in t roduce  or 

avo id  a t e x t u r e d  s t r u c t u r e ,  as the  occas ion  demands. 

Thus far p rogres s  has  been good, though slow. I t  is  f e l t  that  

s u i t a b l e  specimens can be prepared ,  avoid ing  t h e  p i t f a l l s  of much o f  t h e  

p r i o r  work o f  i n t e r n a l  o x i d a t i o n  whereby excess  oxygen w a s  always i n  

evidence.  

The des ign  of a sheet test specimen has been f i x e d ,  specimen 

holders and o t h e r  a u x i l i a r y  equipment has been put  t o g e t h e r  so t h a t  room 

tempera ture  and e l e v a t e d  temperature  c reep  r u p t u r e  tests can be i n i t i a t e d  

immediately. E lec t ron  microscopic s t u d i e s  have been under w a y .  Techniques 

fo r  s u i t a b l e  s u r f a c e  r e p l i c a t i o n  and t r ansmiss ion  electron-microscopy are 
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being  s t u d i e d ,  D i f f i c u l t i e s  a r e  a r i s i n g ,  a s  would be expected, i n  t h e  

t h i n n i n g  of t h e s e  r e l a t i v e l y  heavy sections t o  produce s u i t a b l e  sections 

for t r ansmiss ion :  however, r e s u l t s  are q u i t e  encouraging. 

3. Oxide Di spe r s ion  S t rena thened  Alloys by Sur face  and I n t e r n a l  Oxida t ion  
Processes  

One of t h e  least expensive,  most s t r a i g h t f o r w a r d  approaches t o  

oxide d i s p e r s i o n  s t r eng thened  a l l o y s  i s  t h e  S A P  method, namely ,  t h e  p rocess  

whereby submicron f l a k e  powders of s u i t a b l e  composition are p e r m i t t e d  t o  

o x i d i z e .  I n  t h e  case of SAP, t h e  pu re  aluminum o r  aluminum a l l o y  forms 

A 1 , 0 , ,  avoiding s e p a r a t i o n  and seg rega t ion  o f  t h e  oxide.  Oxide con ten t  

i s  c o n t r o l l e d  by t h e  s u r f a c e  area o f  t h e  powder, coupled wi th  any thermal  

or chemical t r ea tmen t s  which would t end  t o  t h i c k e n  t h e  oxide.  

While i t  appeared t h a t  aluminum w a s  uniquely s u i t e d  f o r  t h i s  

method, t h e  development of e f f i c i e n t  g r ind ing  ( a t t r i t o r )  p rocesses  now 

makes i t  p o s s i b l e  t o  produce submicron f l a k e  powders o f  almost any m e t a l  

or a l l o y .  By proper  s e l e c t i o n  of  composi t ions,  such t h a t  a p a r t i c u l a r  

s o l u t e  e l emen t  w i l l  o x i d i z e  much more r e a d i l y  t h a n  t h e  s o l v e n t  ma t r ix ,  one 

can  a l s o  c o n t r o l  t h e  amount a n d  s i z e  and t h i c k n e s s  of t h e  r e f r a c t o r y  ox ide  

t h u s  f o r m e d .  

If, i n  a d d i t i o n ,  t h e  so lven t  can be u t i l i z e d  t o  d i f f u s e  oxygen 

through i t ,  a d d i t i o n a l  o x i d a t i o n  of t h e  s o l u t e  can be achieved by i n t e r n a l  

o x i d a t  ion.  

To t h i s  purpose ,  w e  have selected t h e  Cu-A1 sys t em.  The fo l lowing  

a l l o y s  have been r e c e i v e d ,  atomized by gaseous n i t r o g e n ,  as -325 mesh 

powders ( i n  weight p e r c e n t )  : 

1. 99 CU - 1 A1 

2 .  97 CU - 3 A1 

3. 92.5 CU - 7.5 A1 

4. 79 Cu - 20 N i  - 1 A 1  
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Extens ive  comminution s t u d i e s  have been m a d e ,  u t i l i z i n g  t h e  

99 Cu - 1 A 1  a l l o y  ( a t t r i t o r  process :  Union Process  Model 1-5). S t a i n l e s s  

steel b a l l s  of 3 16" d iameter  were u t i l i z e d  and i t  was found t h a t  t h e  

pick-up of Fe,  Ni and C r  i s  extremely small .  About 2000 grams of t h e  a l loy  
/ 

w e r e  a t t r i ted i n  a p e r i o d  of 6 hours us ing  e t h a n o l  a l c o h o l  as a g r i n d i n g  aide. 

Checks by s e v e r a l  t echniques  a r e  being m a d e  t o  e s t a b l i s h  f l a k e  t h i c k n e s s ;  

t h e  a h  is te produce m a t e r i a l  sma l l e r  than  1 micron t h i c k ,  wi th  an  average 

t h i c k n e s s  between 0.2 and 0.5 micron. 

As soon as f i n a l  measurements are m a d e  of p a r t i c l e  t h i c k n e s s  and t h e  

g r i n d i n g  t i m e  necessary t o  ach ieve  t h i s  t h i c k n e s s ,  t h e  remaining a l l o y s  

w i l l  be processed.  

A p o r t i o n  of t h e  a l l o y s  w i l l  be  ex t ruded  such  t h a t  t h e  amount of 

A1,0, formed on t h e  surface w i l l  be t h e  f i n a l  oxide con ten t  (surface 

copper ox ide  w i l l  be hydrogen reduced).  A second p o r t i o n  w i l l  be p rocessed  

so t h a t  t h e  s u r f a c e  copper oxide s i l l  be u t i l i z e d  t o  i n t e r n a l l y  o x i d i z e  

s o m e  of t h e  aluminum lef t  i n  s o l u t i o n ,  thereby  i n c r e a s i n g  t h e  to ta l  A1,0, 

c o n t e n t .  

Obviously t h e  p ropor t ions  of A1,0, c o n t r i b u t e d  by each  p rocess  

w i l l  differ accord ing  t o  t h e  composition. 

U s e  of such t h i n  f l a k e s  w i l l  c a l l  for ex t remely  s h o r t  d i f f u s i o n  

t i m e s  t o  produce A1,0, i n t e r n a l l y .  

Powders w i l l  be i s o s t a t i c a l l y  p r e s s e d  and hot  ex t ruded .  

4. Regardinq I n t e r n a l  Oxida t ion  Processes  

S i n c e  i n t e r n a l  o x i d a t i o n  w i l l  always remain one of t h e  most u s e f u l  

methods f o r  d i s p e r s i o n  s t r e n g t h e n i n g ,  i t  i s  t o  our advantage t o  know 

as much about  t h e  p r o c e s s  as p o s s i b l e ,  and t o  t r y  t o  achieve  refiiieirizr;ts 

i n  t h e  method. It is t o  be recalled t h a t  t h e  best M-MO a l l o y  ever  

produced w a s  by i n t e r n a l  o x i d a t i o n  of a Cu - 0.77 p e r c e n t  A 1  a l l o y  t o  
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produce a Cu - 3.5 v/o A1,03 a l l oy .  

t h e  r e s u l t s  for  t h i s  a l l o y  w e r e  t h e  b e s t  r e p o r t e d  t o  date f o r  any m e t a l -  

m e t a l  ox ide  a l l o y ;  f u r t h e r ,  t h i s  copper a l l o y  is  by far t h e  s t r o n g e s t  

h igh  temperature  copper-base material ever  r epor t ed .  

On a homologous temperature  scale,  

The r e t u r n  o f  a former Research Associate who did cons ide rab le  

work on i n t e r n a l  o x i d a t i o n  i n  t h e  p a s t  has made i t  p o s s i b l e  to  complete 

+L ~ l l i s  - 
on n i c k e l  and con ta in ing  up t o  s e v e r a l  pe rcen t  of be ry l l i um,  aluminum, 

chromium, o r  t i t an ium.  Measurements had been made of depth  of i n t e r n p l  

o x i d a t i o n  as a f u n c t i o n  of t i m e ,  temperature ,  and composi t ion,  a long 

w i t h  i d e n t i f i c a t i o n  of the  p r e c i p i t a t i n g  phase. P a r t i c l e  s i z e  and shape 

w e r e  estimated for  a number of the  a l l o y s  i n  the  series, however t h e  

program w a s  far f r o m  complete. The c u r r e n t  e x t e n s i o n  of t h a t  work, now 

n e a r l y  complete,  has concen t r a t ed  on  s e v e r a l  of t h e  nickel-aluminum and 

n i cke l -be ry l l i um s o l i d  s o l u t i o n s .  Measurements are be ing  m a d e  of oxide 

p a r t i c l e  s i z e ,  shape,  and c rys t a l log raphy ,  r e l a t i n g  t h e  changes t h a t  occur 

as a f u n c t i o n  of  t h e  dep th  of p e n e t r a t i o n  of t h e  oxide.  For s e v e r a l  of  

t h e  a l l o y s  t h e r e  had been observed a major change i n  t he  p r e c i p i t a t i o n  of 

t h e  o x i d e ,  f r o m  discrete f i n e  p a r t i c l e s  near  t h e  s u r f a c e  t o  needle o r  

rod-shaped p a r t i c l e s  beyond about 15 microns. I n  p a r t i c u l a r ,  t h e  change 

i n  mode of format ion  w a s  p a r t i c u l a r l y  n 6 t i c e a b l e  i n  t h e  n icke l -Al ,O,  

a l l o y s .  E x t r a c t i o n s  have been made o f  t h e  oxide  a t  va r ious  dep ths ,  and 

measurements and i d e n t i f i c a t i o n  a r e  bein? compkted. This  Chould g ive  

u s  one of t h e  m o s t  complete and d e t a i l e d  s t u d i e s  of i t s  type o n  i n t e r n a l l y  

ox id i zed  s t r u c t u r e s .  

5. Cont ro l  of Chromium Oxide Content i n  Oxida t ion  Resis tant-Oxide 
Di spe r s ion  S t rengthened  A l l o y s  

interesting prtqrarii. The pr t j ran i  included a ssrles of a l l o y s  based 

I t  i s  becoming i n c r e a s i n g l y  ev iden t  t h a t  t h e r e  are problems associated 

wi th  t h e  presence of chromium oxide i n  o x i d a t i o n  d i s p e r s i o n  s t r eng thened  
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a l l o y s .  I t  may be t h a t  chromium i tself  may be i n t e r a c t i n g  wi th  t h e  s t a b l e  

d i s p e r s o i d  a t  t h e  high tempera tures ,  l ead ing  t o  r a p i d  corasening of t h e  

r e f r a c t o r y  oxide.  

If t h i s  is  t h e  s i t u a t i o n ,  t h e r e  may be unexpected d i f f i c u l t i e s  i n  

producing s table ,  oxide  d i s p e r s i o n  s t r eng thened  o x i d a t i o n  r e s i s t a n t  a l l o y s .  

Chromium and chromium oxide both  develop f a i r l y  h igh  p r e s s u r e s  a t  

tempera tures  of 1000°C and hiqher .  Both t h e  m e t a l  and i t s  oxide a l so  

have r e l a t i v e l y  low b o i l i n c  p o i n t s .  Chrwnium has a r e l a t i v e l y  h igh  

free energy  of formation of i t s  o x i d e ,  about 85,000 c a l o r i e s  per  gram 

atom of oxygen. 

Much of the above is  t h e  b a s i s  of t h e  s p e c u l a t i o n  t h a t  chromium- 

con ta in ing  a l l o y s  are uns t ab le  , as d i s p e r s i o n  s t r eng thened  materials, a t  

e l e v a t e d  temperatures .  The suppor t ing  evidence for t h e s e  c l a i m s  i s  a l l  

too clear i n  s o m e  i n s t a n c e s ,  and not a t  a l l  clear i n  o t h e r  i n s t a n c e s .  

F a i r l y  e x t e n s i v e  w o r k  over t h e  p a s t  f o u r  o r  f i v e  y e a r s ,  a t  t h e  

New England Materials Laboratory,  demonstrated t h a t  t h e  presence  of 4 

t o  10 p e r c e n t  of chromium ox ide ,  as an impur i ty ,  led t o  a n  i n c r e a s e  i n  

s t r e n g t h  p r o p e r t i e s  f r o m  room temperature t o  about 8OO0C, bu t  led t o  

r a p i d  weakening above 1000°C.  The work a t  t h e  New England Materials 

Labora tory  u t i l i z e d  f i n e  a l loyed  s t a i n l e s s  steel and Nichrome powders 

on to  which thorium n i t r a t e  salts w e r e  decomposed t o  produce t h o r i a .  

The f i n e  m e t a l l i c  powders ox id i zed  t o  produce t h e  observed chromium oxide. 

By a t o t a l l y  d i f f e r e n t  method of a l l o y  p r e p a r a t i o n ,  duPont has  a l so  

observed t h e  unexpected weakening a t  h igher  temperatures  i n  a l l o y s  con- 

t a i n i n g  chromium. The duPont p rocess ,  i f  used i n  t h i s  i n s t a n c e ,  c a l l s  for  

the  rzductien zf ck? r~ rn i~ -? !  ~ x i c i , ~  tc nrodiiro r------ tho n u i d i + i n n  resistant a l l o y -  

A l t e r n a t i v e l y ,  they may have used f i n e  chromium p o w d e r s  which would also 

in t roduce  chromium oxide.  I n  any  e v e n t ,  t h e  duPont o x i d a t i o n  r e s i s t a n t ,  

ox ide  d i s p e r s i o n  s t r eng thened  a l l o y s  show s i m i l a r  h igh  temperature  
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weakening. 

Accordingly,  i t  seemed d e s i r a b l e  t o  examine m o r e  c a r e f u l l y  t h e  

basis of t h e  observed high temperature weakening i n  ox ide  d i s p e r s i o n  

s t r eng thened  a l l o y s  con ta in ing  chromium o r  chromium oxide.  There has 

been i n i t i a t e d ,  acco rd ing ly ,  a program t o  produce ox ida t ion  res i s tan t  

materials which would be e s s e n t i a l l y  free of chromium oxide contaminat ion,  

i n  an  effort  t o  see whether m o r e  s t a b l e  a l l o y s  would thereby be produced. 

A t  t h e  s a m e  t i m e  a series of d i f f u s i o n  couples  a r e  beinq t t u d i e d  a t  

t empera tures  above 1 0 0 0 ° C  i n  w k h  r e a c t i o n s  between t h o r i a  and chromium, 

t h o r i a  and chromium ox ide ,  and t h o r i a  and a v a r i e t y  of o t h e r  a c t i v e  

m e t a l l i c  s o l u t e  e lements  w i l l  be examined. I t  i s  hoped t h a t  i n  t h i s  

way i t  may be p o s s i b l e  t o  determine whether chromium i n  s o l u t i o n  i s  

capable  of p a r t i a l l y  reducing t h o r i a ,  or whether t h e  damage comes from 

t h e  presence  of chromium oxide. 

Both hydrogen r e d u c t i o n  a n d  vacuum carbon r educ t ion  of chromium 

oxide w i l l  be u t i l i z e d  t o  produce chromium ox ide  free materials. For 

t h i s  purpose w e  have a v a i l a b l e  s e v e r a l  types of o x i d a t i o n  r e s i s t a n t  

f i n e  a l l o y  powders which w i l l  be processed and checked for r e s i d u a l  

oxygen and chromium oxide  content  after t rea tment .  If promising r e s u l t s  

are achieved ,  a number of a l l o y s  w i l l  be prepared  t o  e s t a b l i s h  t h e  l e v e l  

of s t r e n g t h  va lues  for ox ida t ion  r e s i s t a n t ,  ox ide  d i s p e r s i o n  s t r eng thened  

materials. 


